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Abstract 

We study = 6 gauged supergravity in three dimensions with scalar 
manifolds s{U{i)xU(k)) ^ ~ 1)2,3,4 in great details. We classify some 
admissible non-compact gauge groups which can be consistently gauged 
and preserve all supersymmetries. We give the explicit form of the embed- 
ding tensors for these gauge groups as well as study their scalar potentials 
on the full scalar manifold for each value of k = 1,2,3,4 along with the 
corresponding vacua. Furthermore, the potentials for the compact gauge 
groups, SO{p) X SO{6 — p)x SU{k) x C/(l) for p = 3, 4, 5, 6, identified pre- 
viously in the literature are partially studied on a submanifold of the full 
scalar manifold. This submanifold is invariant under a certain subgroup of 
the corresponding gauge group. We find a number of supersymmetric AdS 
vacua in the case of compact gauge groups. We then consider holographic 
RG flow solutions in the compact gauge groups 50(6) x SU{4) x ^7(1) 
and 50(4) x S0{2) x SU{A) x U{1) for the A: = 4 case. The solutions 
involving one active scalar can be found analytically and describe opera- 
tor flows driven by a relevant operator of dimension |. For non-compact 
gauge groups, we flnd all types of vacua namely AdS, Minkowski and dS, 
but there is no possibility of RG flows in the AdS/CFT sense. 



1 Introduction 



Gauged supergravity is interesting on its own right and has many apphcations 
in string theory. It can give some insight to the study of flux compactifications, 
see [1] for a review, as well as many applications in the context of the AdS/CFT 
correspondence [2]. In the present work, we will concentrate on the latter ap- 
plication. This involves classifying the AdS vacua or AdS critical points of the 
scalar potential which is in turn, dual to some CFT's living on the boundary of 
the AdS space. We will also consider RG flows between these CFT's. On the 
gravity side, the RG flows are described by domain wall solutions connecting two 
vacua. We focus our attention on gauged supergravity in three dimensions that is 
useful in the study of AdS3/CFT2 correspondence which recently also has some 
applications in condensed matter systems [3]. 

The ungauged supergravity theories in three dimensions with all possible 
numbers of supersymmetries, 1 < < 16, have been constructed in [1], and their 
gauged version has subsequently been studied in [5]. The gauged supergravity is 
described in the form of Chern-Simons gauged supergravity in which the gauge 
fields enter the Lagrangian via Chern-Simons term. All the bosonic degrees of 
freedom are carried by scalar fields which, for A^ > 4, are encoded in a symmetric 
space of the form G/H \^ where G is the global symmetry of the theory, and H 
is its the maximal compact subgroup. In this sense, the vector fields with Chern- 
Simons term will not introduce any new degrees of freedom. Unlike in higher 
dimensional analogues, the number of gauge fields, or equivalently the dimension 
of the gauge group, is not fixed. Therefore, there are more possibilities for the 
choices of gauge groups. 

It is more convenient, particularly with the formulation of |5j in which 
the classification of admissible gauge groups can be done in a G-covariant way, 
to classify the possible gauge groups in the Chern-Simons form rather than in 
the more conventional Yang-Mills gauged supergravity. Of course, the latter is 
related to some higher dimensional theories via certain dimensional reductions. 
Apart from the case of non-semisimple gaugings as discussed in [6], the Chern- 
Simons and Yang- Mills gauged supergravities are not equivalent. This fact has 
a well-known consequence that a Chern-Simons gauged supergravity with other 
types of gauge groups, compact and non-compact, cannot be obtained from any 
known higher dimensional framework. Since we will not consider non-semisimple 
gauge groups in this work, by gauged supergravity, we always mean Chern-Simons 
gauged supergravity. 

We are interested in A^ = 6 gauged supergravity in three dimensions has 
been studied in the context of superconformal gaugings in [7]. In this reference, 
the conformal gaugings of the A^ = 6 theory give rise to superconformal field the- 
ories in three dimensions which can be regarded as theories on the worldvolume 
of M2-branes and are relevant in the discussion of AdS4/CFT3 correspondence. 
In the present work, we will study the A^ = 6 theory in the context of AdS3/CFT2 
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correspondence. In this way, we study = 6 gauged supergravity as a super- 
gravity theory rather than its global supersymmetry limit. The scalar manifold of 
this theory is of the form g([f(4)''x'^(fc)) where k is the number of matter multiplets, 
see [1] for more detail. We will study four cases namely k = 1,2, 3, 4. 

The gaugings are implemented by mean of the embedding tensor. This 
tensor has to satisfy a quadratic and linear constraints in order that the gaug- 
ings are consistent and compatible with supersymmetry. The embedding tensor 
for compact gauge groups has been given in [5]. In this work, we will identify 
some non-compact gauge groups which can be consistently gauged. We then 
find the corresponding scalar potentials for each gauge group both compact and 
non-compact and study their critical points as well. Critical points of gauged su- 
pergravities in three dimensions with different numbers of supersymmetries have 
been obtained in many places [8], [9], [lO], [TT], [12] and [13]. 

We will also consider RG flow solutions interpolating between two AdSs 
critical points in the case of compact gauge groups. According to the AdS/CFT 
correspondence, these solutions describe RG flows between two conformal fixed 
points of a two dimensional dual field theory. Within the framework of three 
dimensional gauged supergravities, this study has extensively been explored in a 
number of previous works [H], [9], [lO], [H]. The structure of the critical points al- 
lows us to find RG flow solutions with only one active scalar that has a non-trivial 
dependence on the radial coordinate. This gives rise to a simple flow equation 
that can be solved analytically. 

The paper is organized as follows. We review the formulation of three 
dimensional gauged supergravity in section [2j After a general discussion, we 
specify to the case of A^ = 6 theory. In section [3l we study scalar potentials for 
compact groups as well as their critical points. In section m we classify some 
non-compact gauge groups which can be consistently gauged. We then find their 
scalar potentials and the corresponding critical points. The RG flow solutions for 
SO{Q) X SU{4:) X U{1) and 50(4) x S0{2) x SU{A) x f/(l) gauge groups in the 
k = 4 case are given in section [51 We also give some detail of the Euler angle 
parametrization in the appendix including an explicit example. We end the paper 
with some comments and summary of the main results. 



2 Three dimensional gauged supergravity 

In this section, we give a brief construction of three dimensional gauged super- 
gravity using the formulation given in p]. We begin with some general features 
and useful formulae which play an important role in various places of the paper. 
We finally specify to the A^ = 6 theory in which scalar fields are encoded in the 
symmetric space s(u(k)xui4:)) ■ refer the reader to [5] for the full detail of the 
construction. 
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2.1 General construction 



It has been shown in |1] that matter coupled supergravity in three dimensions 
is in the form of a non-hnear sigma model coupled to pure supergravity. The 
target space manifold of scalars, for > 4, is a symmetric space of the form 
G/H with global and local symmetry groups G and H, respectively. The group 
H contains the R-symmetry SO{N) and is of the form H = SO{N) x H'. The 
G generators can be decomposed accordingly into {X^'^ ,X",Y^) where X^"^ 
and X" generate SO{N) and H', respectively, and are non-compact or coset 
generators. These generators satisfy the G algebra 

[Y^Y^] = \ffrx^' + \c^,h^^^X'^ (1) 

where Gap and h""^ are an H' invariant tensor and anti-symmetric tensors de- 
fined in [4]. 

In parametrizing the symmetric space G/H^ we introduce a coset rep- 
resentative L which transforms under G and H a.s L ^ gLh where g E G and 
h E H. Some useful formulae for a coset space are 

L-^diL = ]^Ql'X" + X" + ef F^, (2) 

and 

L-H^L = Iv-^^-^X^-^ + V-^X" + V^Y^ . (3) 

In the above formulae, Ql'^ and Qf are composite connections for SO{N) and H' , 
respectively. I, J, . . . = 1, . . . ,N denote the R-symmetry indices, and a, (3, . . . = 
1, . . . , dimif' are H' adjoint indices. The vielbein ef can be used to construct the 
metric on the scalar manifold via 

gij = efefSAB, i, j, A, B = 1, . . . , dim (G/H) (4) 

and together with its inverse can be used to interchange between curve and fiat 
target space indices. The V's will be used to define the T-tensors which in turn 
are needed in order to find the scalar potential. We will come back to this later. 

Following [5J, gaugings are described by introducing an embedding tensor 
&MAf- This tensor is symmetric in its indices and gauge invariant. It acts as a 
projector on the symmetry group G to the gauge group Go C G. The requirement 
that the gauge generators given by 

Jm = ^MAft^ (5) 
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form an algebra imposes the so-called quadratic constraint on the embedding 
tensor 

Qrcf'^''^M^X)K = 0. (6) 

Furthermore, there is a projection constraint which is a consequence of the re- 
quirement that a given gauging is consistent with supersymmetry. In general, 
this constraint is imposed at the level of the T-tensors defined by 

Tab = V-^QyuA^V-^ . (7) 

The projection constraint, acting only on the T^'^^^ component, can be written 

as 

PhT"'^^ = (8) 

where ffl denotes the representation ffl of SO{N). One important result from [3] 
is that for symmetric target spaces, the projection constraint can be uplifted 
to the condition on the embedding tensor 

^RoQmm = 0- (9) 

The representation Rq of G arises from decomposing the symmetric product of two 
adjoint representations of G under G. Furthermore, the representation Rq, when 
branched under SO{N), is a unique representation in the above decomposition 
that contains the ffl representation of SO{N). 

From the T-tensors, it is straightforward to compute Ai and A2 tensors 
which are relevant in computing the scalar potential via the following formulae 

aIJ _ ^ rpIM,JM _| ^ ^IJrpMN,MN 

^ N-2 ^ {N -1){N -2) 



aIJ _ ^rpIJ , 4 eM{ImrpJ)M , ^ ^IJ fKL mrpKL 

2i N ^ N{N-2y ^ N{N-l){N-2) ^ ' 
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V = --,9Ha['A[-' -l^Ng'iA'iA'i'] (10) 



2.2 = 6 gauged supergravity in three dimensions 

We now in a position to study some gaugings and their associated vacua of = 6 
gauged supergravity. As mentioned earlier, the scalar manifold is the coset space 
s{u{J)taj{k)) "W'here k is the number of matter multiplets. 

To parametrize the coset representative L, we first construct the global 
symmetry group G = SU{4:,k). In this paper, we study four cases namely 
k = 1,2, 3, 4. We use the standard S'f/(4 -|- k) generators in the form of gen- 
eralized Gell-Mann matrices. These matrices can be found in many text books 
for example ^5j. We will denote these matrices as q, i = 1, . . . , (4 + k^ — 1. 
The non-compact form SU{A, k) can be constructed from SU (4 + k) by the Weyl 
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unitarity trick. This is achieved by introducing a factor of i to each genera- 
tor which is identified to be non-compact. The maximally compact subgroup 
H = S{U{A) X U{k)) ~ SU{A) x SU{k) x f/(l) can be easily identified from the 
standard construction of the SU{A + k) generators. All other generators are then 
the non-compact ones. We have explicitly identified all non-compact generators 
for the k = 4 case in the appendix. To obtain the non-compact generators for 
other values of k, we simply read them off from the 32 y's of the k = 4 case. In 
the k = 1 case, there are eight non-compact generators which are the first eight 
generators, Yi, . . . , Yg- ^i; • • • ; ^i6 and Yi, . . . , 24 are non-compact generators of 
the k = 3 and k = 4 cases, respectively. 

Having identified compact and non-compact generators, we can now use 
the commutation relation [X^^^ , F^] in ([1]) to find the f^"^ tensor whose compo- 
nents are denoted by f^j^ or /^'g in the flat basis. With the normalization of 
to be one, we can explicitly write 

fii = -2TT{Y^[X'\Y^]). (11) 

It is now easy to use Mathematica to compute all f^"^ . 

For the parametrization of L, it is very useful to use SU{n) Euler angle 
parametrization given in [16]. In [16], the parametrization of SU{n + 1) using 
U (n) Euler angles has been given. We can apply this parametrization directly to 
the coset space of the form suln)xu(i) • ^'^^ space of the form suln)x'u(m) 
m 7^ 1, we can apply the general procedure, explained in [17], in parametrizing 
a Lie group G using Euler angles of its subgroup H. In the present case, we 
parametrize SU{n,m) using SU{n) x SU{m) x U{1) Euler angles. We will give 
the explicit form of L in each case in the following sections. The detail of the 
parametrization can be found in the appendix. 

To find admissible gauge groups which can be gauged consistently with 
supersymmetry, the corresponding embedding tensors have to satisfy the two 
constraints (E]) and (Q. As mentioned above, equation is equivalent to 
for symmetric target space. Furthermore, it can be shown that the quadratic 
constraint ([6]) is equivalent to the relation 

2A{^Af ^ - NAi^'Ai^ = ^6^^{2A^^A^^ - NA^^'A^^). (12) 



This equivalence has been shown explicitly for = 16 theory in [T| 

These conditions are important in searching for admissible gauge groups. 
For compact gaugings, some gauge groups have been classified in [5j. The asso- 
ciated embedding tensors are given by 



no n ^ n 4a{k - I) + k{p - 3) ^ 
^ = '^soip) - '^so{6-p) + Oi'^su(k) 4-\- k '^Uil) l-Loj 
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where a, the relative couphng between SU{k) and SO{p) x 50(6 — p), is a free 
parameter and Qso{p) — 05O(6-p) is given by 

eiJ,KL = ^5f/ + 5[,[xHL]J], (14) 

2 (1 - f ) 6jj, I<p 2p-N 



- \ '-Wu^ I>P ' ^^^^ 

In this paper, we will study gauge groups of non-compact type. After 
finding the gauge groups, we study their vacua by studying critical points of the 
resulting scalar potentials. As we have already seen, the potential can be com- 
puted from the Ai and A2 tensors which can be obtained from various components 
of the T-tensors. The T-tensors are computed from the embedding tensor and 
V's from ([3D. 

For conveniences, we repeat the stationarity condition for finding the crit- 
ical points of the scalar potential given in [5] 



SAi^A^' + Ng'^^Ai^AfJ = (16) 



where Afi^ is defined by 



(17) 

For supersymmetric critical points, the unbroken supersymmetries are encoded 
in the condition 

Ai^A'^^e' = -^/ = ^(^r^f ^ - \N9-A^/A^/)e^ . (18) 

The amount of unbroken supersymmetries correspond to the number of that 
are eigenvectors of A\^ . 



3 Compact gauge groups and their vacua 

In this section, we study some vacua of = 6 gauged supergravity with compact 
gauge groups. The gauge groups considered here are SO{p) x S0{6—p) x SU {k) x 
U{1) for p = 0, 1, 2, 3. We consider four cases, /c = 1, 2, 3, 4, separately. 

Before going to the discussion of the scalar potentials and their critical 
points, we give the R-symmetry generators X^'^ in terms of the generalized Gell- 
Mann matrices q. We emphasize here that our convention is such that q are 
anti-hermitian. The first fifteen q matrices are generators of S'f/(4) ~ 5*0(6) for 



7 



all = 1, 2, 3, 4 cases. We obtain X from ci, . . . , cis via the following relation 

" ^""^ ^ 2^!''' ~ 7!""''' ^'' = -^(c2 + Cl4), X23 = I(ci-Ci3), 

= ^C3 - + -^Ci5, X^^=l(ci + Ci3), X35 = -1(C6 + C9), 

X^6 = -^C8 + -^Ci5, X36 = -i(c7 + Cio), X24 = i(c2-Ci4), 

= ^(c7-cio), X^« = ^(C9-C6), Xi^ = i(c4-cn), 

X^^ = ^(C5-Ci2), X25 = l(c5 + Ci2), X26 = -i(c4 + Cn). (19) 

It is easy to verify that these generators satisfy the [X^"', X-'^^] commutator given 
in (P). 



3.1 The k = l case 

This is the simplest case namely there is only one matter multiplet. The structure 
of the scalar manifold is very simple and contains only eight scalars. We can 
study the scalar potential by parametrizing the full scalar manifold with all eight 
scalars turned on. With Euler angle parametrization given in [TB], the coset 
representative of su(i)xu(i) written as 

— gii C3 C2 gas C3ga4C5ga5C8ga6Ci0ga7Cl5g^ ''1^17 (20) 

Notice that the factor of i in the cn matrix indicates that the generator corre- 
sponding to Ci7 is non-compact. Since k = 1, there is no additional factor SU{k) 
in the gauge groups. As a consequence, there is no free parameter a. Together 
with a very simple structure of the scalar manifold whose scalar manifold involves 
only one non-compact generator, we expect the resulting scalar potential to be 
very simple. We will see that this is indeed the case. 

With the L given in (120|) . it turns out that all gauge groups, SO (3) x SO (3) 
and SO{p) x SO{p — 6) x f/(l) for p = 0,1, 2, give rise to the same potential 

y = -8/[5 + 3cosh(y26i)]. (21) 

It is clear that there is only one trivial critical point at 6i = with Vq = V{bi = 
0) = —QAg^. This critical point preserves all gauge symmetries and supersym- 
metries. The corresponding supersymmetries of the trivial critical point for the 
gauge groups containing a factor SO{p) x 5*0(6 —p) are given by {p, 6 — p). From 
now on, we express the number of supersymmetries, preserved by a given criti- 
cal point, with the notation (n_,?T,+) where ra_ and n+ are number of negative 
and positive eigenvalues of the corresponding Ai tensor that satisfy the condition 
ffTSjl . This notation is also related to the number of supersymmetries in the dual 
two dimensional CFT. 
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3.2 The k = 2 case 



For A; > 1, there is an additional independent coupling of the gauge group SU{k). 
The relative coupling between the gauge group SU{k) and SO{p) x 5*0(6 — p) is 
denoted by the parameter a mentioned in the previous section. Since the number 
of scalar fields in this case is sixteen which is too difficult to study the scalar 
potential on the full scalar manifold. We will apply the method introduced in 
[T9] . In this approach, we study the potential on a submanifold of 



5'C/(4,2) 



SU{i)xSU(2)xU(l) 

coset space. This submanifold is invariant under a symmetry which is a subgroup 
of the gauge group. Using a consequence of Schur's lemma, it has been shown in 
that critical points of the potential restricted on this submanifold are critical 
point of the potential evaluated on the full scalar manifold as well. 

We find some non-trivial critical points on the submanifold with t/(l)diaK 
symmetry. The scalars in this sector are contained in the coset manifold 



5^(2,2) 



SUi2)xSU(2)xU(l) ■ 

SO there are eight scalars to be parametrized. For 5*0(6) x 5f/(2) x U{1), 
50(4) X S0{2) X SU{2) X f/(l) and S0{3) x S0{3) x SU{2) x U{1) gauge groups, 
the residual gauge symmetry t/(l)diag is generated by X12 + X^q where Xjj are 
generators of 5*0(6) as usual. Using the Euler angle parametrization, we find 
that the coset representative in this case is given by 

^ _ gaiC33ga2C34ga3_fC3ga5Miga6M2ga4M3g^6ici8g^62C3i ^22) 

where 

^3 = [C33, C34] , Ml = [Cl8, C22] , 

M2 = -^[Ci9,C22], M3 = -^[Mi,M2]. (23) 

For 50(5) X SU{2) x f/(l) gauge group, the generator X56 is not a gen- 
erator of 50(5), so we cannot use the coset representative fl22l) . We then choose 
the generator of the f/(l)diag to be X12 + X34. The coset representative for this 
case is given by 

L = e'^l'^e"2C14g«3Kga4C33ga5C34ga6Ag^^'lC20g^fe2C31 j^24) 



where 



_ 1 2 3 

K - — [Ci3, C14J , A - yY^C24 - yjl'^SS • (25) 



We now study critical points of each gauge group, separately. 
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3.2.1 S0{6) X SU{2) X f/(l) gauging 

With tlie coset representative fl22l) . we find the following potential 
1 



V 



-g' -222 + 32(-3 + 2a + a^) cosh(V26i) - 2(1 + af cosh(2y26i) 
8 L 

-48 cosh[V2(6i - 62)] - 32a cosh[y2(6i - 62)] - 16a^ cosh[V2(6i - 62)] 
+ cosh[2y2(6i - 62)] + 2a cosh[2y2(6i - 62)] + cosh[2y2(6i - 62)] 
-96 cosh(y262) + 64a cosh(y262) + S2a^ cosh(y262) - 2 cosh(2y262) 
-4a cosh(2y262) - 20"^ cosh(2\/262) - 48 cosh[v/2(6i + 62)] 
-32a cosh [\/2 (61 + 62)] - 16a2 cosh[y2(6i + 62)] + cosh[2\/2(6i + 62)] 



+2a cosh[2y2(6i + 62)] + cosh[2\/2(6i + 62)] - 60a - 30a^ 



(26) 



We find three critical points shown in Table 1. 
Table 1: Critical points of S0{6) x SU{2) x U{1) gauging for the k = 2 case. 





h 




unbroken SUSY 


unbroken gauge symmetry 


I 

II 
III 




(S),a>-1 


-64^2 

16g^{3+2a)2 


(6,0) 
(4,0) 
(2,0) 


S0(6) X SU{2) X ?7(1) 

f/(l)diag 
f^(l)diag 





Vq is the value of the potential at the corresponding critical point or the cosmo- 
logical constant. At all critical points, 61 = 62 = & where h is shown in the 
table. 



3.2.2 SO{h) X SU{2) X f/(l) gauging 

In this gauge group, the coset representative is given in ([Mj). The potential turns 
out to be the same as in equation fl2Bl) . The critical points are of course similar to 
those given in Table 1 apart from the fact that the amounts of supersymmetries 
for critical points I, II and III are (5,1), (4,1) and (1,0), respectively. The 
positions, values of the cosmological constant and unbroken gauge symmetry of 
these critical points are the same as those in the SO{Q) x SU{2) x f/(l) gauging. 

3.2.3 S0(4) X S0{2) x SU{2) x U{1) gauging 

The coset representative for this case is given in (12^ . We find the potential 

V = -Ig^ \l92 + SOa^ - 32(-4 + a^) cosh(y26i) + 2a^ cosh(2\/26i) 
8 L 

+32cosh[y2(6i - 62)] + 16a2cosh[y2(6i - 62)] - a^ cosh[2y2(6i - 62)] 
+128 cosh(y262) - 32a2 cosh(y262) + 2a^ cosh(2y262) 
+32 cosh[v^(6i + 62)] + 16a2 cosh[\/2(6i + 62)] 



-a' 



cos h[2y2(6i + 62)] 



(27) 
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As in the 5*0(6) x SU{2) x U{1) gauging, we find three critical points shown in 
Table 2. 

Table 2: Critical points of 50(4) x 50(2) x SU{2) x f/(l) gauging for the = 2 



case. 





b 




unbroken SUSY 


unbroken gauge symmetry 


r 
ir 
iir 




^cosh-^ (^),«>0 
^cosh-i (^),«<0 


-64c/2 

16g2(l+2Q)2 


(4,2) 
(2,2) 

(2,0) 


50(4) X 50(2) X SU{2) x U{1) 

f^(l)diag 
f/(l)diag 


16g2(l-2a)2 


Q,2 


As in Table 1, 6i = 62 = & at t. 


le critical points. 



3.2.4 50(3) X 50(3) x SU{2) x f/(l) gauging 

With the same coset representative as in the 50(4) x 50(2) x SU{2) x U{1) 
gauging, this gauge group gives rise to the same potential as in (127|) . The three 
critical points are characterized by the same parameters as those in Table 2 except 
for the critical points I', II' and III' having (3, 3), (1, 2) and (2, 1) supersymmetries, 
respectively. 

Notice that for 50(6) x 5f/(2) x f/(l) and 50(5) x 5f/(2) x U{1) gaugings, 
there is still one non-trivial critical point when a = 0, in the limit where SU{k) 
decouples. This is not the case for 50(3) x 50(3) x SU{2) x f/(l) and 50(4) x 
50(2) X SU{2) X U{1) gaugings. These two gauge groups do not have any non- 
trivial critical points in our parametrization when a = 0. As we will see, the 
same pattern will appear again in the = 3,4 cases. This could be an artifact 
of our specific parametrization, but after various attempts, this seems to be the 
only one that gives rise to non-trivial critical points while the complication of the 
computation is still controllable. 



3.3 The A; = 3 case 

There are 24 scalars in this case. We choose the scalar submanifold with the 
same residual symmetry as in the previous case, f/(l)diag- There are again two 
coset representatives, one for 50(5) x 5f/(3) x f/(l) gauging and the other one 
for SO{p) X 50(6 — p) x 5[/(3) x U{1) for p = 3,4,6. Each coset representative 
contains 12 scalars parametrizing su{3)x^u(2)xu(i) "^o^et. 

The coset representative invariant under X12 + X^q is given by 

— ^aiAa ^a2C34 ^asAs ^a4C4,5 ^asAs ^afjAs ^arC34, ^asAs ^agMs ^aioM2 ^^bicis ^^biCi2 (28) 

where 

and M2 and M3 are given in f l23|l . This L will be used for the SO{p) x 50(6 — 
p) X SU (3) X U{1) for p = 3, 4, 6 gaugings. 
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The coset representative for the 5*0(5) x SU (3) x U (1) gauging is invariant 
under X12 + X34 and given by 



— gaiA3ga2C34ga3A3ga4C45ga5A8ga6A3ga7C34ga8A3ga9fcgaioci4g:^6iC20g^felC3l (30) 



where k is given in (125 p and A3 and Ag are given in 

The scalar potential and structure of the critical points turn out to be 
similar to what we have found in the previous case. The only difference lies in 
the residual gauge symmetry of the critical points. The trivial critical point at 
L = I always preserves the full gauge symmetry. The non-trivial points II, III, 
ir and Iir have f/(l)diag x U{1) symmetry for 50(3) x 50(3) x SU{2) x U{1) 
and 50(5) x SU{2) x f/(l) gaugings and f/(l)diag x f/(l) x f/(l) symmetry for 
S0{6) X SU{2) X f/(l) and SO{A) x 50(2) x SU{2) x f/(l) gaugings. Other 
properties are the same as those given in Table 1 and 2. 



3.4 The k = 4: case 

In this case, there are 32 scalars which are too difficult to carry out the calculation 
in the t/(l)diag invariant sector. We overcome this issue by requiring more residual 
symmetry namely introducing an SU{2) C 5?7(4) factor. The scalar manifold we 
need to parametrize is now invariant under f/(l)diag x 5f/(2). Notice that in 
this parametrization, we do not have the limit when a — )■ anymore since the 
residual gauge symmetry of the scalar submanifold contains a subgroup of the 
SU{k) = SU{4). With this extra factor of SU(2), we are left with 8 scalars. The 
coset representatives for the SO{p) x 5*0(6 — p) x 5'f/(4) x f/(l) for p = 3,4,6, 
and 5*0(5) x 5'f/(4) x f/(l) gaugings are the same as those used in the k = 2 case 
and given in f l22|) and f l2^ . respectively. 

The scalar potential and structure of the critical points are the same as 
the k = 2 case except for unbroken gauge symmetries of the non-trivial critical 
points. Critical points II, III, 11' and III' have ?7(l)diag x f/(l) x f/(l) x SU{2) 
symmetry for 50(6) x SU{2) x f/(l) and ^0(4) x 50(2) x 5f/(2) x U{1) gaugings 
and t/(l)diag X f/(l) X SU{2) symmetry for ^0(3) x 50(3) x SU{2) x U{1) and 
5*0(5) X SU{2) X f/(l) gaugings. Other properties are the same as those given in 
Table 1 and 2. 



4 Non-compact gauge groups and their vacua 

In this section, we find some non-compact gauge groups by using the consistency 
conditions given in section HJ For a given gauge group to be admissible, its 
embedding tensor has to satisfy the conditions ([9]) and ([6]), or equivalently, the 
T-tensors satisfy the conditions ([8]) and f|T2|) . As in the compact case, we study 
the four cases corresponding to A; = 1,2,3,4, separately. In the results given 
below, we first give the embedding tensor of each gauge group followed by the 
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study of the corresponding critical points. Since the scalars corresponding to non- 
compact generators of the gauge group will drop out from the scalar potential, 
the number of scalars to be parametrized given below always means the number 
of scalars described by non-compact generators outside the gauge group. At the 
trivial critical point where all scalars are zero, the gauge group is broken down 
to its maximal compact subgroup which constitutes the residual symmetry of the 
associated critical point. Furthermore, this point preserves all supersymmetries 
namely = 6 in three dimensions. As can be seen from (fT8|) . supersymmetric 
critical points are possible only for AdS and Minkowski critical points. It is 
convenient to express the number of supersymmetries in the case of AdS critical 
points in the two dimensional language of the corresponding dual CFT's in the 
form (r;,_,n+) as in the compact gaugings. In all gauge groups given below, the 
trivial critical point of AdS type has either (6, 0) or (0, 6) supersymmetries while 
the Minkowski critical point has = 6 supersymmetry. 

4.1 The k = 1 case 

In this case, the global symmetry group is SU{4:, 1). We find that the following 
subgroups can be gauged: 

su{3,i)xu{i) : e = esf/(3,i) - ^Ot/d) (31) 

SU{2,l)xSU{2)xU{l) : & = &sui2,i) - esu(2) - l&u(i) (32) 

SU{l,l)xSU{3)xU{l) : e = esuii,i)-Qsui3) + lQuii)- (33) 

Note that for gauge groups which are different real forms of the same complex 
group, the corresponding embedding tensors are the same. So, SU{2, 1) x SU{2) x 
U{1) and SU{1, 1) x SU{3) x U{1) have the same embedding tensor. This has 
been mentioned before in [18] for admissible non-compact gauge groups of the 
A^ = 16 theory. We now study scalar potentials for these three gauge groups. 

4.1.1 SU{3, 1) X f/(l) gauging 

There are six non-compact generators in the gauge group. Scalars correspond- 
ing to these generators will drop out from the potential, so we only need to 
parametrize L with the remaining two scalars. These correspond to non-compact 
generators of SU{1, 1) C SU{3, 1). We then choose the parametrization 

L = e'^^eTS^^-e-'^^, ^ = t^i^, c^] • (34) 

The potential is given by 

V = 8g^{3 cosh( V26) - 5). (35) 
There is no non-trivial critical point. At 6 = 0, we find Vq = "ISf?^. 
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4.1.2 SU{2, 1) X SU{2) X U{1) gauging 

There are four relevant scalars described by non-compact generators of SU (2, 1) C 
SU{A, 1). We emphasize here that this SU{2, 1) subgroup is not the same as that 
appears in the gauge group. The parametrization of L is 

^ _ gai«iga292ga3?3g-7l''ci6g-03?3g-a2q2g-aiqi ^gg^ 

where 



We find the potential 



V = 8g' 



\ci . (37) 



-1 + cosh(y26)l (38) 



which does not admit any non-trivial critical points. The trivial critical point is 
given by 6 = with Vq = 0. 

4.1.3 SU{1, 1) X ^[7(3) X U{1) gauging 

There are six scalars in L. They correspond to non-compact generators of SU (3, 1) C 
SU{A, 1). With [/(3) Euler angles, we can parametrize L as 

L = e"i'=3e"2'=2e"3=3e"*^^e"«^«e75^'=i^ . (39) 
We find the scalar potential 

V = -8^2 + cosh(\/26)) . (40) 
At 6 = 0, there is a trivial critical point with Vq — —l&g^. 

4.2 The k = 2 case 

In this case, the global symmetry group is SU{A, 2). We find that the following 
gauge groups are admissible: 



5t/(3, 2) X t/(l) : 


e 


— G)5!7(3,2) 


2 

- 3^^/(1) 


(41) 


SU{2,2)x SU{2)xU{l) : 


e 


= ©5f/(2,2) 


- 0sr/(2) - 20/7(1) 


(42) 


SU{l,2)x SU{?>) : 


e 


= 0SC/(1,2) 


- 05!7(3) 


(43) 


5[/(3, 1) X 5[/(l, 1) X t/(l) : 


e 


= €)sc/(3,i) 


- 05c/(i,i) - 30c/(i) 


(44) 


SU{2, 1) X SU{2, 1) : 


e 


= 05!7(2,1) 


— 05(7(2,1) 


(45) 


SU{A, 1) X U{1) : 


e 


= 0S!7(4,2) 


2 

- 30^(1) • 


(46) 



We now compute the associated scalar potentials. 
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4.2.1 SU{3,2) X f/(l) gauging 

SU{2)xU(l) 



There are four relevant scalars parametrizing the manifold grff^^xVVc-l1 whose coset 



representative is given by 
where 

Ql = ^C33, Q2 = ^C34, Qs = I (-^C24 - ^C,^ . (48) 



We obtain the potential 

V = (^-5 + 3 cosh(y26)) (49) 
The only one critical point is given by 6 = and Vq = —16g^. 

4.2.2 SU{2,2) X SU{2) x f/(l) gauging 

There are eight scalars which do not correspond to non-compact generators of the 
gauge group. These scalars form the smaller coset space su{2)x^u{2)xu(i) • '^^^ 
coset representative takes the form 

= gaiAga2P2ga3P3ga4Qiga5Q2ga6Q3g73*iCi6g^fe2C27^ j^gg-j 

where Pi = \ci and Qi's are given in fHHl) . We find the potential 

V = -8g^ [3 + cosh(y26i)(-2 + cosh(V262)) - 2 cosh(y262)j (51) 

There are two critical points: 

• at 61 = 62 = with Vo = 

• at 61 = 62 = cosh 2 with Vq = Sg"^. This critical point is invariant under 
SU{2) X U{1) symmetry. 

4.2.3 SU{1,2) X SU{'i) gauging 

There are twelve relevant scalars in the coset representative which takes the form 

— gaiC3ga2C2ga3C3ga4C5g:^a5C8ga6C3ga7C2ga8C3ga9Q3gaioQ2g75''ici6g^fe2C27 {^2) 

where Qj's are given in fH5]) . The scalars correspond to non-compact generators 
of 5f/(3, 2) C 5f/(4, 2). The potential is found to be 



V = -8g' 



1 + cosh(y26i) cosh(y262)l • (53) 



There is a trivial critical point at 61 = 62 = with Vq = —IQg"^ 
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4.2.4 SU{3, 1) X SU{1, 1) X U{1) gauging 

There are eight relevant scalars encoded in the ^^^^i^'' x coset. The 

coset representative is parametrized by 

where 



1 



W2 = -C7, W3= ^ 



- VSCs), 



^ ^(y3C3 + C8-4v^Ci5). (55) 



W5 = -Cl2, Ws ^ 



The potential is given by 



V = 8g' 



-3 - 2cosh(y262) + cosh(y26i)(2 + cosh(y262))l • (56) 



There is a critical point at 6i = 62 = with Vq = —IQg^ 



4.2.5 SU{2, 1) X SU{2, 1) gauging 

There are eight scalars parametrized by sJl2)xU{i) ^ su(2)xu{i) ^^^^^ 

SU{2, 1) C SU{4:, 2) are different subgroups from those appearing in the gauge 

group. The coset representative is given by 



_^ _ ^aiqi ^a2q2 ^aaqs ^^bicie ^a4Wi ^a5W2 ^aeW3 ^^b2C29 

where g^'s are given in (P7|) and 

1 1 1/12 

We find the potential 



(57) 



(58) 



V = 2g^ [cosh[y2(6i + 62)] - sinh[y2(6i + 62)] (1 + cosh(2y26i) + cosh(2y262) 
-4cosh(y2(6i + 62)) + cosh(2y2(6i + 62)) + sinh(2y26i) + sinh(2y262) 
-4 sinh(v/2(6i + 62)) + sinh(2V2(6i + 62))! • (59) 



There is no non-trivial critical point. The trivial one is given by 61 = 62 = with 
^ = 0. 
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4.2.6 SU{4, 1) X U{1) gauging 

In this case, there are eight scalars parametrized by 5^(4)x'u-"(i) whose coset rep- 
resentative is given by 

^ _ ^aiC3^a2C2^a3C3^a4C5^-^a5C8^a6Cio^-^a7Ci5^:^bc26 



(60) 
(61) 

0, we find Vo — 



The potential is obtained to be 

V = -8/ (5 + 3cosh(V^6)) 

which does not admit any non-trivial critical points. At b 
-6V. 

4.3 The k = 3 case 

In this case, we find the following gauge groups: 

SU{3,3) X U{1 
SU{2,3) X SU{2) X U{1 
SU{1,3) X SU{3) X U{1 
SU{3,2) X SU{1,1) X U{1 
SU{2,2) X SU{2,1) X U{1 
SU{1,2) X SU{3,1) X ^7(1 
SU{A, 1) X SU(2) X U(l 
SU{4,2) X U{1 
We now study their critical points. 

4.3.1 SU{3,3) X U{1) gauging 

There are six scalars parametrized by su{3)xu{i) ■ '^^^ coset representative takes 
the form 

where 



e = 


QSC7(3,3) 


5 

- ^©C/(l) 




(62) 


e = 


©5f/(2,3) 


- 0S!7(2) - 




(63) 


e = 


Q5C/(1,3) 


- ©5!7(3) - 


- ^0c/(i) 


(64) 


e = 


0SC/(3,2) 


- ©5^/(1,1) 


- ^fc'l/(l) 


(65) 


e = 


©5(7(2,2) 


— ©5(7(2,1) 


- ^©C/(l) 


(66) 


e = 


05!7(1,2) 


— 05!7(3,1) 


+ ^©1/(1) 


(67) 


e = 


©S!7(4,l) 


- ©5!7(2) - 




(68) 


e = 


05!7(4,2) 


- ^©C/(l) • 




(69) 



:C34, 



1 

10 



4 - Vl5Cs5^ , 

L5 = ^C45, L8= (2\/l5C24 + 2\/T0C35-5\/l4c48) . (71) 
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The potential is given by 

F = 8/(3cosh(y26)-5) 
which admits only a trivial critical point at 6 = with Vq = 



-16(72. 



(72) 



4.3.2 SU{2,3) X SU{2) x U{1) gauging 

The twelve scalars parametrizing the coset su{2)x^ui3)xu{i) "^^ose coset represen- 
tative is given by 

^ _ ga-li3ga2i2 ga3i3ga4i5g^'^5i8ga6L3ga7i2 gash's ga9C3gaioC2gf6ici6gf62C27 (73) 

where Lj's are given in (148|) . We find the potential 

V = -8g^[3 + cosh(y26i)(-2 + cosh(V262)) - 2 cosh(y262)] • (74) 
There are two critical point: 

• 61 = 62 = with Vq = 

• hi = 1)2 = ^ cosh 2 with Vq = Sg"^ and residual symmetry SU{2) x f/(l) x 
U{1). 



4.3.3 SU{1,3) X SU{3) gauging 

51/(3,3) 

representative 



The eighteen scalars parametrizing su{3)xsul3)xuii) '^'^set are encoded in the coset 



— gaig3ga2g2ga3g3ga4<?5g7f "598ga6g3ga7g2ga893ga9i3gai0i2gaili'3g'Il2i5g75'^13-f'8gai4L3 ^ 
gai5i2g7ff'lCl6g73b2C27g73f'3C40^ (75) 

where g^'s and Lj's are the same as those given in (137|) and (ITTi) . respectively. 
The potential is given by 



V = -4g' 



^ - i cosh(2y26i) - i cosh(2 V262) + ^ (-2 + 2 cosh(y26i) 

(76) 



N 2 I 

+2 cosh( V262) + 2 cosh(v^63) - - cosh(2V263 



2 

The only one critical point is given by 61 = 62 = &3 = with Vq = —IQg 
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4.3.4 SU{3, 2) X SU{1, 1) x U{1) gauging 

The ten relevant scalars are described by the coset representative of the coset 

SU(2,1) SU(3,l) 
SUi2)xU{l) SU{3)xU{l)' 



^^^'^'^^ — ^ su(3)xu(i) • choose the parametrization of L to be 



_^ ^ gaiC33ga2C34g75"3[c33,C34]g^blCi6^a4«)3ga5«'2ga6«'3ga7«'5g75-^"'8g^b2C39^ ^^^^^ 

where Wj's are given in (155|) . The potential is found to be 

V = 2/ cosh(V2(6i + 62))-sinh(y2(6i + 62)))(l-4cosh(y26i) + cosh(2v/26i) 

+4cosh(y262) +cosh(2y262) - 12cosh(y2(6i + 62)) + cosh(2y2(6i + 62)) 
+4cosh(y2(26i + 62)) - 4cosh(y2(6i + 262)) - 4sinh(y26i) + sinh(2y26i) 
+4sinh(V262) + sinh(2V262) - 12sinh(v^(6i + 62)) + sinh(2\/2(6i + 62)) 
+4 sinh( V2(26i + 62)) - 4 sinh( V2(6i + 262))] • (78) 

There is a trivial critical point at 61 = 62 = with Vq = —16g^. 
4.3.5 SU{2, 2) X SU{2, 1) x U{1) gauging 

The twelve scalars are parametrized by the following coset representative 

_ gaigiga2'?2ga3'?3ga4Qiga5Q2ga6Q3g73^lCi6g^b2C27ga7Zga8Ci4ga9Zg^63C40^ ^-j^g^ 

where qi = ^Ci, 

Z = ^[c,,,cu], (80) 

and QiS are given in f HS]) . This L describes the coset su(2)x^u(2)xu{i) ^ ■S{f(2)x'c7''(i) • 
The potential is given by 



V = -g' 



6-2 cosh(2y26i) - 2 cosh(2y262) - 2 cosh(2y263 



+4 f-1 + cosh(V26i) + cosh(v^62) - cosh(V263 



^1) 



There two critical points: 

• at 61 = 62 = &3 = with Vo = 

• at 61 = 62 = cosh 2, 63 = with Vq = 8g^ and residual symmetry 
SU{2) X f/(l) X f/(l). 
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4.3.6 SU{1, 2) X SU{3, 1) x U{1) gauging 

U{1) ■'^ SU{3)xSU(2)xU(l) 



The fourteen scalars describing the coset x or;(-o-)f ^ff/owf/fi-i parametrized 



by 

— gaiC3ga2C2ga3C3ga4C5g-^a5C8ga6C3ga7C2ga8C3ga9Q3gaioQ2g7f ^lCi6g-^b2C27 ^ 

g^ail[c23,C24]g^f>3C42^ (§2) 



'3 J 

2" 



^3) 



where Qj's are given in (1481) . The potential is given by 

V = -g^ 6-2 cosh(2y26i) - 2 cosh(2\/262) - 2 cosh(2v^6: 
+4 (^1 + cosh(y26i) + cosh(y262) - cosh(y263 
The trivial critical point at 6i = 62 = &3 = has Vq = —16g'^. 
4.3.7 SU{4, 1) X SU{2) x f/(l) gauging 

The sixteen scalars parametrize the coset sui4:)x^ui2)xu{i) "^^ose coset represen- 
tative takes the form 



2^ _ gai'?3ga2cj2ga3g3ga4q5g:^a5<?8ga6qiOga7'?3ga8g2ga9g3gaiog5g"^"il'38gai2g3gai3'?2 ^ 

gai4g3g73^ 
where Qi = ^Ci and 



e»1493g73^1'=25g^fe2C38 ^g^^ 



92 = ^C47, gg = (^V^C35 - V2IC48) • (85) 

We find the corresponding potential 

V = -8g^ (3 + 2cosh(y262) + cosh(y26i)(2 + cosh(y262))) • (86) 
The only one critical point is given by 61 = 62 = with Vq = —64g'^. 

4.3.8 5f/(4,2) X f/(l) gauging 

The coset representative for the eight scalars parametrizing the coset 5[f(4|x'u-'(i) 
takes the form 

_^ _ gaig3ga2(J2ga3g3ga4g5g7f'i5lJ8ga6qi0g7f«7gi5g^6c37 ^gy^ 

where g^'s are given in (1371) . We find the following potential 

V = -8/ (5 + 3 cosh(y26)) (88) 

which does not admit any non-trivial critical points. The trivial critical point is 
at 6 = with Vq = -GAg'^. 
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4.4 The k = 4: case 

In this case, we find the following gauge groups: 



SU{3,4) X U{1) 


: 


= 0S'f/(3,4) 


- 4<-'f/(i) 




(89) 


SU(2,A) X SU(2) X U(l) 


: e 


= 05!7(2,4) 


- 05!7(2) - 




(90) 


SU{1,4) X SU{3) X U{1) 


: e 


= 0S[/(1,4) 


- Qs[/(3) - 




(91) 


SU{3,3) X SU(1,1) X U(l) 


: e 


= ©5(7(3,3) 


- ©5t/(l,l) ■ 


- 2^uii) 


(92) 


SU{2,3) X 5[/(2,l) X U{1) 


: e 


= ^SU{2,3) 


— ©5(7(2,1) ■ 




(93) 


SU{1,3) X 5[/(3, 1) 


: e 


= 05!7(1,3) 


— 05(7(3,1) 




(94) 


5[/(2,2) X SU{2,2) 


: e 


= 05!7(2,2) 


— ©5(7(2,2) ■ 




(95) 



We then move to the study of their critical points. 
4.4.1 SU{3,4:) X U{1) gauging 

5(7(4) xC/(l) 



There are eight scalars described by the coset or^ult'uiu whose coset representa- 



tive is given by 



where 



1 .1.1 

J2 = 2^34, J3 = [C33, C34J , J5 = ^C45, 



J8 



= -^(3V^C24 + 2a/15C35 - 5V2IC48), jlQ = ^C58, 
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il5 = Y5^(2iyi0c24 + 14v^C35 + 10v^C48 - 90v^C63). (97) 

We find the potential 

V = 8/ (^-5 + 3 cosh(A/26)) (98) 
whose only one critical point is characterized by 6 = and Vq = —16g^. 



4.4.2 SU{2,4) X SU{2) x f/(l) gauging 



The sixteen scalars are described by the coset su{4)><su'^)xu{i) • "^^^ coset repre- 
sentative takes the form 

^ _ Qaij3Qa2j2^a3j3^a4j5^^"-5js^aej3^a7j3^asj2^agj3^aioj5^^0'iij8^ai2C3^ai3C2 ^ 
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where jVs are given in fl97j) . The corresponding potential is given by 

V = -8g^ [3 + cosh(y26i)(-2 + cosh(y262)) - 2 cosh(y262)j • (100) 

There are two critical points: 

• at 61 = 62 = with Vq = 

• at 61 = 62 = cosh 2 with Vq = 8g'^ and residual symmetry SU (2) x 
SU{2) X f/(l) X f/(l). 



4.4.3 SU{1,A) X SU{3) x f/(l) gauging 

5C/{4)x 5(7(3) xC/(l) ' 



All twenty four scalars are encoded in the coset suu)x^u(f)xu(i) • '^^^ coset rep- 



resentative takes the form 

— gaiC3ga2C2ga3C3ga4C5g^a5C8ga6C3ga7C3ga8j3ga9j2gfiioi3gaiii5g7f<^l2i8gai3jiOgai4i3 y- 
gai4i3gai5i2gai6i3gai7j5g7f'lisi8gai9j3ga20i2ga21j3g7f ''lCl6g^b2C27g^f)3C40^ (101) 



where jVs are given in fl97j) . We find the potential 



V = -8g^ 2 + cosh(y262)(-l + cosh(y263)) - cosh(y263) + cosh(y26i)x 
(-l + cosh(y262) + cosh(y263)) . (102) 
The only one critical point is at 61 = 62 = ^3 = with Vq = —16g'^. 

4AA SU{3, 3) X SU{1, 1) x U{1) gauging 

In this case, there are twelve scalars described by the coset sui3)xuii) ^ su(3)xu{i) • 
The coset representative takes the form 

— ^aiW3 ^a2W2 ^a3W3 ^a4W5 ^^asws ^^biC52 ^a^La ^a7L2 ^asLs ^agLs ^^aioLs ^^b2Ci7 

(103) 

where tUj's and Lj's are given in f l55|) and fITT]) . respectively. We find the potential 
V = 8/[-3 + cosh(y26i)(-2 + cosh(y262)) + 2 cosh(\/262)] (104) 
whose trivial critical point is characterized by 61 = 62 = with Vq = —IQg^. 



4.4.5 SU{2, 3) X SU{2, 1) x U{1) gauging 

SI 

SU{2)xU{l) SU{3)xSU{2)xU{l) 



The sixteen scalars described by the coset qff/ow'fT-n 1 ^ srI(■^^x^^(^ixrr^l^ parametrized 



by the coset representative 

L = g'^l-^3ga2i2ga3L3ga4L5g75«5i8ga6L3ga7i2ga8i3ga9g3gai0g2g7f ''2Cl6g^f'3C27 ^ 

gaii^igai222gai3^3g75^i^44, (105) 
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where 



1 /-I 



= -Ci3, 



^2 — 2*^1^' 



(106) 



and gi's and Lj's are given in fl37j) and f l7T|l . respectively. We find the potential 



V 



8g' 



-2 + cosh(y263) + cosh(y26i)(-l + cosh(y262) + cosh(y263)) 



-2 cosh(y262) sinh^ (^-^^ 



(107) 



There are two critical points: 

• at 6i = 62 = &3 = with Vq = 

• at 61 = 0, 62 = ^3 = cosh 2 with Vq = 8(7^ and residual symmetry 
SU{2) X [/(I) X f/(l) X f/(l). 



4.4.6 Sf/(1, 3) X SU{3, 1) gauging 

The twenty scalars parametrizing the coset ^^^^'^^ 
in the following coset representative 



X 



SU{3,3) 



(7(1) SU(3)xSU{3)xU(l) 



are encoded 



Q^°-^^^3i,C32] ^^bic^e ^a2C3 ^a4C3 ^a^cs ^^aecs ^a7C3 ^asC2 ^agC3 ^aioL^ ^aiiL2 ^ai2L3 ^ai^Ls ^ 
g;^ai4i8gai5L3gai6L2g75^'2Cl6g^63C27g^64C40^ (108) 



where Lj's are given in ( !7T|) . We find the potential 



6-2 cosh(2y262) - 2 cosh(2y263) + 4 f- cosh(y26i) + cosh(y262) 



(109) 



+ cosh(V263) + cosh(y264)) - 2 cosh(2V264) - 4sinh2(y26i) 



which admits only a trivial critical point at 61 = 62 = &3 = with Vq = —IQg"^. 



SU(2,i) 



SU{2,2) 



4.4.7 SU{2,2) X SU{2,2) gauging 

In this case, the sixteen scalars described by the coset su{2)xsu{2)xu{i) su{2)xsu{2)xu{i) 
in which the two SU{2,2) C SU{4,4) are different from those appearing in the 
gauge group can be parametrized as 

(>'iqi^a2q2^a3q3^a4Qi^a5Q2^aQQ3^^biCiQ^-^b2C27 ^a7Zi^asZ2^agZ3^aiozi^aiiZ2 



^^ai2[5l,52]g^fe3C40g^fc4C55 



where 



1 

2' 



2^13 — oCei, 2^14 — 2^62' 



'e""""" X 
(110) 

(111) 
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and gj's, Zi's and Qi's are given in f l37|) . (1106^ and fjlSjl . respectively. The potential 
is given by 



8-2 cosli(2\/26i) - 2 cosh(2y262) - 2 cosli(2\/263) - 2 cosh(2y264) 

(112) 



X 2 

+4 cosh(V26i) + cosh(y262) - cosh(v/263) - cosh(V264 



There are two critical points: 

• at 6i = 62 = &3 = &4 = with Vq = 

• at 61 = 62 = cosh 2, 63 = 64 = with Vq = Sg"^ which is equivalent to the 
critical point at 63 = 64 = ^ cosh 2, 61 = 62 = with the same Vq. In both 
cases, the residual symmetry is SU{2) x SU{2) x f/(l). 



5 RG flow solutions 

In this section, we study RG flow solutions interpolating between some AdS 
vacua given in section |3l We consider only in the k = A case with gauge groups 
S0{6) X SU{A) X U{1) and 50(4) x S0{2) x SU{A) x f/(l). The two cases have 
different scalar potentials. According to what we have discussed in section [3l 
these are the only two independent potential forms. So, in a sense, the study 
given in this section is enough since the other cases can be studied in a very 
similar way. According to the AdS/CFT correspondence, AdS critical points are 
identified with two dimensional CFT's at the boundary of AdS^ or conformal 
fixed points of the dual two dimensional field theory. In an RG flow, a UV CFT 
is perturbed by turning on some operators, or the operators acquire vev,'s which 
break conformal symmetry. If there exist another conformal fixed point in the 
IR, the flow will drive the UV CFT to another CFT in the IR. The central charge 
of the corresponding CFT can be found by a well-known result 

' (113) 



2Gn a/— Vq 

where we have used the fact that in our case, the AdS^ radius L = y=^- 

Because the two non-trivial critical points are supersymmetric, the flow 
solution can be found by solving BPS equations coming from setting the super- 
symmetry variation of and x*^ to zero. This solution will describe a super- 
symmetric RG flow in the dual field theory. 

Supersymmetry transformations of ipj^^ and x*^ are given by [S] 

5^1 = V,e' + gAi'j,e', 

5x" = f^Y m'^^ - gNAi^'e^ (IM) 
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where D^e^ = {d^, + ^co^^^a + ■ ■ ■) ■ 

As in usual studies of holographic RG flows, the metric ansatz is taken 

to be 

ds^ = e^''^''Uxl, + dr\ (115) 

Recall the result of section |3l we find that the RG flow solution will interpolate 
between two critical points with (&i,&2) = (0,0) and (&i,&2) = {b,b) in which the 
two scalar fields bi and 62 take the same value at both critical points. So, we use 
the ansatz for the coset representative of the form 

where all the y's generators are given in the appendix. It is now straightforward 
to use this information to compute the BPS equations Sipjj^ = and 6x^^ = 0. In 
writing BPS equations below, we need to impose a projection condition jr^^ = 
so that the flow solution preserves half of the supersymmetries. 



5.1 RG Flows in 50(6) x SU{4) x U{1) gauging 

In this case, the flow interpolates between (6, 0) critical point and (4, 0) or (2, 0) 
points depending on the value ofa,a<— lora>— 1, respectively. The UV 
point is identified with the (6,0) point with S0{6) x SU{4) x f/(l) symmetry 
while the IR point is identify with (4,0) or (2,0) points with SU{2) x f/(l) x 
f/(l) X f/(l)diag symmetry. 



5.1.1 An RG flow between (6,0) and (4,0) critical points 

The flow equation coming from 5%*^ = is given by 
db{r) 



dr 



V2g 



a 



l + a)cosh(\/26(r)) sinh(y26(r)). (117) 



We also recall that in this flow, a < — 1. This equation can be solved for r as a 
function of b. The solution is given by 



In 



1 , 
+ — In 

4(7 



cosh 
sinh 



b ' 
_b_ 



1 + a 
Sga 



In 



a 



+ (1 + a) cosh(y26) 



(118) 



We have neglected the additive constant in the r solution because this can be 
removed by shifting the coordinate r. 
As 6 = 0, we find 



1 



[119) 
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To identify this with the UV point in which r — >^ oo, we have chosen g < 0. This 
asymptotic behavior of the scalar gives information about the dimension of the 
operator that drives the flow. The discussion on this point can be found in many 
references, see for example [20J. In this case, we find that the flow is driven by a 
relevant operator of dimension A = |. 

At the IR point b = cosh"^ we find 



Hgar 

b{r) ~ e~ 



g(l + 2a) Ljj^ ^ 



1 + a 



^IR 



A\g\{l + 2a)- 

2(1+3q) 
l+2a 

is greater than two for a < — 1. The ratio of the central charges is given by 

Cuv 1 + 2q; 



(120) 



In the IR, the operator becomes irrelevant and has dimension A = ^\^2a' which 



ciR 2(1 + a) 



> 1, 



for a < —1 . 



121] 



The next thing is to determine the function A{r) in the metric. This can 
be done by using Sipfi = 0, /i = 0, 1, equation given by 



dA{r) 



dr 



(122) 



= —g 5 + a — (a — 1) cosh(v^6(r)) 

+ cosh(\/26(r)) |l - a + (1 + a) cosh(y26(r)) 

Using b{r) as an independent variable, we can write the above equation as 

dA{b) _ 5 + a - (a - 1) cosh(y26) + cosh(v^6)(l - a + {1 + a) cosh(y26)) 
db ~ ^2 [l - a + (1 + a) cosh(\/26)] sinh(y26) 

The solution is easily obtained to be 
1 + 2a 



(123) 



A 



2a 
1 + a 
a 



In 
In 



a 



+ (1 + a) cosh(y26) 



2 In 



2 sinh 



V2. 



2 cosh —= 
V2. 



(124) 



We have again neglected the additive constant by rescaling the coordinates 
for /i = 0, 1. 

We can readily check from the kinetic term that our scalar b{r) is canon- 
ically normalized, so we can read off the value of mass squared from the scalar 
potential. To quadratic order near the UV point, the potential fl26|) is given by 



2l2 



V = -QAg^ - 48g'b 



(125) 



which gives m'^L'^y = — |. We find that the relation m'^L^ = A(A — 2) precisely 
gives A = I consistent with what we have found before from the asymptotic 
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behavior of the scalar 6(r). 

At the IR point, we obtain the potential to second order 



V ^ 



+ 



a] 



(126) 



Wefindm^L?, = Mi^orA = HiHM. 



5.1.2 An RG flow between (6,0) and (2,0) critical points 

We now consider an RG flow between (6, 0) and (2, 0) critical points similar to 
what we have done in the previous case. In this case, a > — 1. 

We begin with the flow equation obtained from 5%*^ = 



dh{r) 
dr 



-\/2g [-3 - a + (1 + a) cosh(\/26(r))l sinh(\/26(r)) 



(127) 



As before, we can solve for r as a function of h and flnd 
1 + a 



85(2 + a) 
1 

'%(2 + a) 



In 
In 



(1 + 
cosh 



a) cosh(\/26) — 3 — o; 
h 



1 , 

+ — In 

^9 



sinh 



Near the UV point 6 = 0, we flnd 

6(r) 



(128) 



(129) 



We again choose 5^ < to identify the UV point with r — > 00. The flow is driven 

by a relevant operator of dimension A = |. 

Near the IR point ^ = ^ cosh~^ the scalar behaves as 

8g(2+a)T- 2(2+a)r 1 + Q; 

6(r)~e-^+^=eI^^^, L,^ = —-^-—. (130) 

The operator has dimension A = ^3%^^^ > 2, for a > —1, in the IR. 
The equation for A{r) obtained from ^■^^ = is given by 

= y [q;-3- (3 + a)cosh(V26(r)) 
dr L 

+ cosh(y26(r)){-3 - a + (1 + a) cosh(v^6(r))}] (131) 
or, in term of variable 6, 

dA _ q; - 3 - (3 + a) cosh(v^6) + cosh(A/2fe) [-a - 3 + (1 + a) cosh(V26)] 



V2[-3-a + {l + a) cosh(V^6)] sinh(V^6) 



(132) 
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The solution for A{b) is found to be 



A = 



1 + a 



2 + a 



In 



2 cosh 



V2. 



3 + 2a , 



-3 - a + (1 + a) cosh(\/26) 



-2 In 



2 sinh — = 



(133) 



The ratio of the central charges is given by 
cuv 3 + 2q; 



CiR 



2(1 + a) 



>1, 



for 



a > -1 



(134) 



We can compute the value of mass squared at both end points and find 

that the dimension of the operator found previously agrees with the result ob- 
tained from the relation m^L^ = A(A — 2). We will not give a repetition here. 



5.2 RG Flows in 50(4) x S0{2) x SU{4) x U{1) gauging 



In this case, there are three critical points involving in the flows. The trivial 
critical point at 6i = 62 = has (4,2) supersymmetry with 5*0(4) x S0(2) x 
SU{4) X U{1) gauge symmetry. The two non-trivial critical points are given by 



bi = b2 = ^ cosh ^ with (2, 2) supersymmetry and 61 = 62 



^ cosh"^ ^ 



with (2, 0) supersymmetry. Both of them have unbroken gauge symmetry U{1) x 
U{1) X C/(l)diag X SU{2). 

All procedures involved are the same as in the previous subsection, so we 
will not go into much detail but simply give key results in each step. Similar to 
the previous gauge group, there are two possible flows namely the flow between 
(4, 2) and (2, 2) points and between (4, 2) and (2, 0) points. 



5.2.1 An RG flow between (4,2) and (2,2) critical points 

In this case, the flow interpolates between two critical points with chiral and 
non-chiral supersymmetries. The (2, 2) critical point requires o; > 0. The flow 
equation from Sx^^ — reads 



db{r) 
dr 



= -V2g 2 + a- Q;cosh(V26(r))] sinh(v^6(r)). (135) 



The solution for r in term of b is found to be 



4^(1 + a) 



In 



cosh — ;= 

V2. 



+ 



a 



Sg{l + a) 



In 



a cosh(\/26) — a — 2 



4^ 



sinh — ;= 
V2. 



(136) 
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Choosing g > 0, the UV point is described by r ^ oo. Near this point, 
the scalar behaves 

1 



b(r) ~ e-*^'' = e 



-^uv — -5- • 



(137) 



The flow is seen to be driven by a relevant operator of dimension |. 
At the IR point, r — )■ —00, we find 



83(l + a)r 2(l + a)r 

b[r) ~ e « = e(i+2")^m. 



-^IR — 



(138) 

The dimension of the operator in the IR is A = '^^i^2a^ which is greater than two 
for a > 0. 

We then move to the Sipj^ = equation which gives 



dA__l 



8 - 3q; + 4(2 + a) cosh(v^6(r)) - Q;cosh(2v^6(r))] 

or in term of variable b 

dA{b) _ 8 - 3a + 4(2 + a) cosh(V26(r)) - a cosh(2y26(r)) 
db ~ 2^/2[2 + a-acosh{^/2b)]smh{^/2b) 

The solution is given by 



(139) 



(140) 



A = 



a ( b 
■In 2 cosh — = 



1 + q; 



l + 2a 



V2J 2(1 + a) 



In 



a cosh(\/26) — a — 2 



+2 In ( 2 sinh — ) . 



(141) 



It is easily seen that as 6 — >■ 0, ^4 — >■ 00 and as 6 — )■ ^ cosh A — >■ —00. The 
ratio of the central charges is given by 

Cuv 1 + 2q; 



Cm 



2a 



> 1, for a> 0. 



(142) 



5.2.2 An RG flow between (4, 2) and (2, 0) critical points 

We now give our last RG flow solution. The flow equation reads 
db{r) 



dr 



-V2g a - 2 - acosh(V26(r)) sinh(\/26(r)) 



(143) 



whose solution for r{b) is given by 



In I cosh —;= 1 — 



Ag{a - 1) 



a 



V2y 8^(0; -1) 



In 



2 -a + Q!Cosh(\/26) 



45 



+ — In ( sinh — ^ 



V2 



(144) 
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Near 6 = 0, the UV point, we find 

6(r 



(145) 



where we have chosen < to identify this as the UV point when r — > oo. 
Near the IR point, b—^ cosh and r — >■ — oo, we find 



8g(a-l)r (2a-l)r 

6(r) ~ e « =e(2"-i)^iR, I^ir = 



a 



4|^|(2« 



(146) 



So, the flow is again driven by a relevant operator of dimension |, and the operator 
becomes irrelevant in the IR with dimension A = > 2 for a < 0. 

1— 2a 

We finally determine the A{r) function in this case. It is the solution of 
the 5ipj^ = equation given by 



dA{r) 
dr 



-2' 



8 + 3a-4:{a- 2) cosh(V26(r)) + a(2^6(r)) 



or 



dA{b) 8 + 3a - 4(a - 2) cosh(\/26(r)) + a(2\/26(r)) 



db 2V2 \ a — 2 — a cosh(\/26)] sinh(\/26) 

The solution is found to be 



(147) 
(148) 



A = 



a 



In 



a 



2 cosh 



V2. 



+ 



2a 



2(a 



In 



2 - Q; + Q;cosh(V2&) 



2 In 2 sinh 



V2j- 

The ratio of the central charges is given by 

cuv 2q; — 1 



Cm 



2a 



> 1, 



for 



a < . 



(149) 



(150) 



The analysis of the mass squared from the expansion of the scalar po- 
tential near the critical points can be done in the same way as in the previous 
subsection. We will again not repeat this computation here. 



6 Conclusions 

In this paper, we have extensively studied = 6 gauged supergravity in three 
dimensions. We have used the Euler angle parametrization in parametrizing the 
scalar coset manifold siu{4)xu(k)) submanifolds thereof. This parametriza- 
tion turns out to be very useful. We have identified admissible gauge groups of 
non-compact type, studied their scalar potentials and found some of the critical 
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points associated to each scalar potential. 

In compact gauge groups identified in [5j, we have found a number of 
supersymmetric AdS vacua. It is possible in this case to discuss holographic RG 
flow solutions in the context of the AdS/CFT correspondence. We have stud- 
ied four analytic RG flow solutions in two gauge groups, SO (6) x 5'f/(4) x f/(l) 
and S0{4:) x S0{2) x SU{4:) x f/(l), in the = 4 case. Given the structure of 
the critical points including the form of the potential, this study is, in a sense, 
sufficient because among k = 2,3,4 cases, there are actually only two different 
potential forms. The flows in other gauge groups or in different values of k can 
be obtained similarly. The resulting solutions involve one active scalar and can 
be solved analytically. The flows are operator flows driven by a relevant operator 
of dimension | and respect the c-theorem. Notice that the solutions look very 
much like the solutions found in [8] and [TO] . 

In non-compact gauge groups, it is remarkable that apart from L = I, 
we have not found any other (non-trivial) AdS critical points whether supersym- 
metric or not. We strongly believe that there is no non-trivial AdS critical point 
in the non-compact groups studied here. Therefore, we have no possibilities of 
RG flows in the AdS/CFT sense. However, it is interesting to study domain wall 
solutions connecting between dS vacua or even between dS and Minkowski vacua 
as discussed in [2T]. A domain wall between dS vacua could also be interpreted 
as an RG flow in the context of the dS / CFT correspondence [22] . An example of 
this study can be found in [23]. 




Recently, the new approach for finding critical points of gauged super- 
gravities has been introduced in [21]. This technique is based on the variation 
of the embedding tensor rather than the extremization of the scalar potential as 
done in this and many other works. New critical points of iV = 8 gaued super- 
gravity in four dimensions have been found within this framework. It is naturally 
interesting to investigate critical points of the = 6 theory studied here par- 
ticularly for compact gauge groups, which have not been explored in full details 
due to the complication of the computation, with this new approach as well as to 
reexamine the scalar potentials of the theories with different values of studied 
in [H] , [H] , [in] , [H] and [IB] . We hopefully expect to find some new vacua of these 
theories, too. We leave these issues for future works. 
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A On the Euler angle parametrization 

In this appendix, we review the Euler angle parametrization of a Lie group G 
using Euler angles of its subgroup H. We begin with some general idea of this 
parametrization based on the the result of [T7] and then specify to our case for 

the coset of the form suin)^><su^)xu{i) • "^^^ same procedure can be applied to all 
cases discussed in this paper. So, we will give only one example namely the coset 



SU{4,3) 



in the case of /c = 4. 



SU{4)xSU{3)xU{l) 

For a Lie group G, the H Euler angle parametrization of G is given by 

G = Be^H. (151) 



H is the parametrization of the subgroup H C G which can in turn be parametrized 
by Euler angles of some subgroup Hi C H. However, we will explain only 
the parametrization of G itself since our main aim here is to demonstrate the 
parametrization procedure. In our application with non-compact G, we would 
like to parametrize the coset space G/H which can be obtained from the above 
parametrization by a quotient with H. Therefore, in the following, we will choose 
H to be the maximal compact subgroup of G. Following [T7] , we denote the alge- 
bras of G and H hj q and f), respectively. The G generators are then decomposed 
into H generators and non-compact generators which constitute a subspace p C 0. 
The subspace ^ C p consists of the minimal set of non-compact generators such 
that the whole subspace p can be generated by the adjoint action of H on V. 

The factor B = H/Hq where Hq is the redundancy of the parametriza- 
tion. Obviously, we find dim G = dim H/ Hq + dim V + dim H. Hq consists of the 
automorphisms of V. They are not needed to generate the whole p from V, or 
equivalently, they commute with V. We will see how this procedure works in the 
following example. 

We recall that the SU{8) generators can be constructed from the gener- 
alized Gell-Mann matrices q, i = 1,...,63. Its non-compact form 5*^/(4,4) is 
obtained by multiplying each non-compact generator by a factor of i. Explicitly, 
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the non-compact generators for the k = 4 case are given by 





A = 


= 1,- 


..,8 


A = 


9,.. 


.,16 




A = 


17,. 


..,24 




A = 


25,. 


..,32 



Ya 



We are now in a position to parametrize the coset K 



(152) 



5^(4,3) 



5(7(4) xSLf(3)x (7(1) 

in the case of S'[/(l,4) x SU{3) x U{1) gauging. The subgroup H = 81/(4) x 
SU{3) X f/(l) and contains 24 parameters. There are 24 scalars in the coset 
K. These scalars correspond to the non-compact generators Yi for i = 1, . . . , 6, 
9, . . . , 14, 17, ... , 22, 25, ... , 30. The subspace V consists of three generators 
which can be chosen to be Yi,Yii,Y2i. It is now easy to verify that a subgroup 
of H that commutes with these three generators is U{1) x f/(l) x f/(l). So, 
the redundancy in the parametrization is given by Hq = U{1)^. We then find 
^ = %^)fu^{i)lu^{i)^ - We can identify one of the f/(l) in U{lf with the U{1) 



factor in H. Furthermore, we also choose to remove the remaining U{1) in Hq 
by moding out one U{1) factor from SU{A) and the other one from SU{3). We 
are now left with B = x ^7^. There are other ways of removing the 

redundancy other than that given here, but they are equivalent after redefining 
the scalars. 

With all these, the coset representative for the coset K is given by 

— gaiC3ga2C2ga3C3ga4C5g-^'i5C8ga6C3ga7C3ga8j3ga9j2gaioj3gailJ5g"7f '^isiSgaisjio ^ 

gai4 i3 ^aids gOlS J2 ^aiejs g"!? JS g 75 g«19i3 ga20 j2 ga21 i3 gfcl Yl g62 111 g63 >21 ( 153 ) 

where the SU{A) generators jVs are defined in f l97|) . The generators denoted by 
Cj's generate the SU{3). The exphcit parametrization of both 5'f/(4) and SU{3) 
can be found in 



References 

[1] Henning Samtleben, " Lectures on Gauged Supergravity and Flux Compact- 
ifications". Class. Quant. Grav. (2008) 25 214002, arXiv: 0808.4076. 

[2] J. M. Maldacena, "The large N limit of superconformal field theories 
and supergravity". Adv. Theor. Math. Phys. 2 (1998) 231-252, arXiv: 
[hep-th/9711200 , 

[3] E. O. Colgain and H. Samtleben, "3D gauged supergravity from wrapped M5- 
branes with AdS/CMT application" , JHEP 02 (2011) 031, arXiv: 1012.2145. 



33 



Bernard de Wit, A. K. ToUsten and H. Nicolai, "Locally super symmetric 
D = 3 nonlinear sigma models", Nucl. Phys. B392 (1993) 3-38, arXiv: 
|hep -th/920807 4, 

Bernard de Wit, Ivan Herger and Henning Samtleben, "Gauged Locally Su- 
persymmetric D = 3 Nonlinear Sigma Models", Nucl. Phys. B671 (2003) 



175-216, arXiv: hep-th/0307006 



H. Nicolai and H. Samtleben, "Cliern-Simons vs Yang- Mills gaugings in three 
dimensions", Nucl. Phys. B 638 (2002) 207-219 , arXiv: hep-th/0303213, 

E. A. Bergshoeff, O. Hohm, D. Roest, H. Samtleben and E. Sezgin, "The Su- 
perconformal Gaugings in Three Dimensions", JHEP 09 (2008) 101, arXiv: 
0807.2841. 

M. Berg and H. Samtleben, "An exact holographic RG Flow between 2d 
Conformal Field Theories", JHEP 05 (2002) 006, arXiv: hep-th/0112154, 

Edi Gava, Parinya Karndumri and K. S. Narain, "AdSs Vacua and RG Flows 
in Three Dimensional Gauged Supergravities" , JHEP 04 (2010) 117, arXiv: 
1002.3760. 

Auttakit Chatrabhuti and Parinya Karndumri, "Vacua and RG flows in 
N = 9 three dimensional gauged supergravity" , JHEP 10 (2010) 098, arXiv: 
1007.5438. 

Auttakit Chatrabhuti and Parinya Karndumri, "Vacua of = 10 three 
dimensional gauged supergravity". Class. Quantum Grav. 28 (2011) 125027, 
arXiv: 1011.5355. 

T. Fischbacher, "Some stationary points of gauged N = 16 D = 3 super- 



gravity", Nucl.Phys. B638 (2002) 207-219, arXiv: hep-th/0201030 



T. Fischbacher, H. Nicolai and H. Samtleben, "Vacua of Maximal Gauged 
D = 3 Supergravities", Class. Quant. Grav. 19 (2002) 5297-5334, arXiv: 



hep-th/0207206il 



N. S. Deger, "Renormalization group flows from D = 3, N = 2 matter cou- 
pled gauged supergravities", JHEP 0211 (2002) 025. arXiv: hep-th/0209188, 

Fl. Stancu, "Group Theory in Subnuclear Physics" , Oxford University Press, 
USA 1997. 

S. Bertini, S. L. Cacciatori, B. L. Cerchiai, "On the Euler angles for SU{N)" , 
J. Math. Phys. 47 (2006) 043510, arXiv: |math-ph/0510075f 

Sergio L. Cacciatori and B. L. Cerchiai, "Exceptional groups, symmetric 
spaces and apphcations" , arXiv: 0906.0121. 



34 



[18] H. Nicolai and H. Samtleben, "Compact and noncompact gauged max- 
imal supergravities in three dimensions", JHEP 04 (2001) 022, arXiv: 
rh ep-th/010303 2, 

[19] N. P. Warner, "Some New Extrema of the Scalar Potential of Gauged N = 8 
Supergravity", Phys. Lett. B128 (1983) 169. 

[20] Eric D'Hoker and Daniel Z. Freedman, "Supersymmetric Gauge Theories 
and the AdS/CFT Correspondence", TASI 2001 Lecture Notes. arXiv: 
[hep-th/0201253 . 

[21] M. Cvetic and Jing Wang, "Vacuum Domain Walls in D-dimensions: Local 
and Global Space-Time Structure", Phys. Rev. D61 (2000) 124020, arXiv: 
[hep-th/9912187 . 

[22] A. Strominger, "The dS/CFT Correspondence", JHEP 10 (2001) 034, arXiv: 
ihep-th/0106113t 

[23] S. Nojiri and S. D. Odintsov, "Asymptotically de Sitter dilatonic space- 
time, holographic RG flow and conformal anomaly from (dilatonic) dS/CFT 
correspondence", Phys. Lett. B531 (2002) 143-151, arXiv: ,hep-th/0201210f 

[24] G. Dair Agata and G. Inverso, "On the vacua of N=8 gauged supergravity 
in 4 dimensions", arXiv: 1112.3345. 



35 



